Cellular alteration after dilution of cryoprotective solutions used for the vitrification of in vitro-produced bovine embryos.
Embryo quality of in vitro-produced bovine blastocysts was assessed at several steps of a vitrification procedure in which glycerol and ethylene glycol were used as cryoprotectants (3-step equilibration with cryoprotectants followed by vitrification, dilution of the cryoprotectants in 0.85 M galactose then in embryo transfer freezing medium [ETF], and finally co-culture for periods). To visualize cell membrane alterations, double staining was performed using a cell permeant fluorochrome (bisbenzimide--BIS) and a nonpermeant one (propidium iodide--PI). In Experiment 1, the effect of the vitrification procedure on the hatching rate and total cell number was assessed 72 h after treatment. Hatching rate and the number of stained nuclei were decreased in comparison with untreated embryos when blastocysts were exposed to the whole procedure with or without vitrification (respectively 42 and 53% vs 76% for hatching and 128 +/- 17 and 141 +/- 17 vs 226 +/- 13 for stained nuclei). In Experiment 2, the effect of cryoprotectants and their dilution was evaluated on membrane permeability and total cell numbers at various steps of the vitrification procedure. Blastocysts exposed only to cryoprotectant solutions and stained immediately after dilution in galactose showed no modification. After dilution in ETF, the total number of stained nuclei decreased, and the number of blastomeres showing membrane permeabilization (PI-stained) increased (respectively, 74 +/- 5 vs 110 +/- 5 and 32 +/- 2% vs 0.1 +/- 1.8%). In Experiment 3, we demonstrated that the total number of stained nuclei after ethanol fixation (membrane permeabilization) was higher when embryos treated up to dilution in ETF were stained with PI than when the same embryos were stained with BIS. This suggests that, for unknown reasons, some nuclei of the treated embryos were not stained with BIS. Membrane permeabilization and inability of BIS to stain some nuclei were the most obvious alterations probably induced by osmotic shock at dilution. This hypothesis is supported by the fact that the introduction of a further dilution step in 0.42 M galactose (Experiment 4) before dilution in ETF decreased the proportion of cells permeant to PI and increased the hatching rate after 72 h of co-culture. In conclusion, double staining with BIS and PI allowed for discrimination between different types of cellular injuries after the various steps of our vitrification protocol. It represents a useful tool for adjusting equilibration and dilution conditions during a cryopreservation procedure.